Decay of inhomogeneities from the 
spin-torsion fluctuations in the early 
stages of inflation 
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■ The spin-torsion fluctuations are shown to act as source of de- 
cay of inhomogeneities in the early stages of inflationary de Sitter 

| universe. This seems to be a resul of the repulsive nature of the spin- 

torsion effects. This result is shown through the investigation of the 

■ evolution equation of density perturbations in Einstein-Cartan cos- 
mology.We also show that it is possible to place limits on torsion in 

O ' the universe from the CMBR temperature anisotropy from the compu- 

> ■ tations we made. The decay of inhomogeneities is not enough however 

, to stop the structure formation as galaxies because the growth of inho- 

mogeneitis dominates the torsion effects and the only effect of torsion 
: ■ seems to decrease very weakly the speed of formation of galaxies. 
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The computation of cosmological density perturbations in General Rela- 
tivity |], and in other theories of gravity have been used to investigate 
the gravitationally instability which leads to structure formation like galax- 
ies and stars in the Universe. More recently the evolution equation of density 
primordial fluctuations have been undertaken by Palle 0] and myself [f|.In 
this note we apply these ideas to inflation to show that the evolution equa- 
tion of density perturbations in the universe can be used to show that torsion 
effects are not important but in the early stages of inflationary |6j de Sitter 
universe. This result have been also recently demonstrated by investigation of 
the methods of the inflaton potential reconstruction [[TJ.The growth of inho- 
mogeneities can be obtained in Einstein-Cartan (EC) cosmology the equation 
in two cases: first in the case of early inflation where Cartan torsion effects 
are important and in the late stages where the torsion is redshift out. In gen- 
eral torsion effects are weak in the angular momentum of galaxies and other 
problems of structure formation and this seems to be the reason by which 
we should investigate torsion effects in the early and very early universe 
[§]. Besides as is well known [|] one of the merits of the inflation is to provide 
a theory of inhomogeneities in the universe through quantum fluctuations in 
the inflaton field about the vacuum fluctuations. Since the spin that appears 
in EC gravity is a quantum variable our investigation here seems to be fully 
justifiable. Inflation provides a redshift mechanism through inflation that acts 
on torsion in the same way that Linde || showed to happen with monopoles 
and gravitational waves. The rpulsive nature of torsion in the early stages of 
inflation seems to appear in this kind of example. In fact we show that the 
dependence of the decay of inhomogeneity obtained here in the inflation pro- 
cess is the same sort of decay we obtain recently |IJ by analyzing the origin 



of the angular momentum of the galaxies in the context of EC gravity.Let us 
consider the Friedmann metric as 

ds 2 = dt 2 - a 2 {t)(5 ik )dx l dx k (1) 

where i, k — 1,2,3 and So- is the Kronecker delta. In the case the background 
metric is de Sitter a(t) = e H ° l where H is the Hubble constant and t is the 
cosmic time. Besides H = ^.The EC cosmology equations are used to write 

as 

H 2 = ^G {p _ 2nGa 2 ) (2) 
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and 

H 2 + H = -^-(p - 8nGa 2 ) (3) 

where the matter and spin are consider to be separatly conserved through 
the equations 

P = SHp (4) 

and 

a 2 = -6Ha 2 (5) 

where a 2 =< S a b c S abc > is the averaged squared spin density where S a b c is 
the spin tensor and (a = 0, 1, 2, 3). From the conservation equations and the 
Friedmann equation above we obtain the following expressions 

2H5H = ^-{ P 5 - 2uGa 2 ) (6) 

and 

8 = -35H (7) 
The equation ([D upon derivation becomes 

2HSH + 2H5H = -^—{p8 - 8nGa 2 ) (8) 

3 

Here 5 = ^ is the contrast density and 5H represents the metric perturba- 
tion. Substitution of expression (|7|) into (H) yields 

U\{ P + \H)5 + 2nGp5= 2 -^^ (9) 

which is the equation of evolution of the density perturbation contrast, and 
shows clearly that it has the derivative of the spin-torsion density fluctuation 
5a 2 as the source of growing or decaying mode of inhomogeneities.To derive 
equation (||) we have used also the approximation 5a 2 = a 2 — a 2 = a 2 since 
the quantity a 2 is is very small. This expression can be rewritten as 

S + l(~ + ll~- (-) 2 ])5 - 6«GM±8 = -2n 2 G 2 S 2 ^ (10) 
3 a 3 a a a 4 a' 
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where a, b = 0, 1, 2, 3.Now since we are performing the perturbations on a 
torsionless background we are able to use the general relativistic value for 

2 

a = ts which yields 

■■ 2,2 .4 • QnGM n 2 G 2 S* 

Let us now solve this equation is the particular case of the beginning of 
inflation. At this point we could imagine that the time tends to zero and then 
some terms can be dropped in this approximation leaving our equation as 

*_» = _ 2 ^ (12) 

Since we can suppose that at the early inflation the growth of inhomogeneities 
due to torsion if existed would be extremely low we can drop the first term 
on the acceleration of perturbations and further simplify equation (|P2|) to 



^GM s = 2 f^Si (13) 
This equation now is easily solved to yield the solution 

a = ^- +c (14) 

where c is a constant of integration. This solution agrees with the solution 
found by Garcia de Andrade and A.Ribeiro |I| for the density perturbation 



in the matter dominated era where we were trying to explain the origin of 
the angular momentum of galaxies by making use of a two fluid model in EC 
gravity. From this expression we also show that is possible to place a limit on 
cosmo logical torsion from the COBE data. Since the COBE constraint places 
a limit for ^ < 10~ 5 it is possible to obtain a limit from the torsion parameter 
Sq from formula (|T4"D .Since the inflation era starts at t = 10~ 35 s, substitut- 
ing this value into the equation (|TJ])and obeying the COBE constraint one 



obtains a value of 10 17 cgsunits for the spin-torsion parameter. De Sabbata 



and Sivaram [I f have obtained the close value of 10~ 19 cgsunits for this same 
quantity off the inflation era. Notice that this result is physically reasonable 
since on the inflation stage the rapid expansion of the universe makes the 
spin density to decrease and since the spin is connected algebraically with 
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torsion in the EC gravity torsion also decrease which explains why our result 
is lower than de Sabbata and Sivaram result. To perform this computation 
we also consider M = Mp\ = 10 33 g which is the Planck mass. Since time goes 
to infinity at the end of inflation we could drop other terms in the evolution 
equation to produce the equation 

6 + [— + — r 2 ]8 - 6ivGMt- 3 5 = (15) 
[ 9t 27 J V ; 

where torsion does not make any contribution. Dropping the second time 
derivative of S as before 

[^- t + ^r 2 }6-6nGMt- 3 5 = (16) 



which solution reads 

5 = tl- faGM (17) 

which is a growing mode for the inhomogeneities which appear in GR but 
that grows a little bit slower than the growing mode of torsionless case. The 
general solution to the evolution equation (JTj) can be obtained with the help 
of the MAPLE V computer program and reads 

8L4 2 - AlAAt - 2AA + 644t 2 r rrTrr , „,27A, 280 , 4 , rTT „ . , 

5 = 9^—- r — Yc x t T AWhittakerD( )H r 1 }exp( — )+c 2 \WhiUakerW t 

t 2 A(729A 2 - 648A + 128) L V 8 ' 4374 J ^ K 27t J 1 h 

(18) 

where C\ and c 2 are integration constants and f3(t) is the same function of 
the first term on the RHS of equation (|T8|) .From this expression we note 
that the spin-torsion term coincides with our previous results plus other 
decaying terms as <5 S pj n _ tors j on at _1 for example. Note also that these terms are 
all decaying terms and that growing terms that multiply Whittaker functions 
do not depend on spin-torsion effects. From the astronomical point of view 
this means that the presence of spin-torsion effects slow down the formation 
of galaxies instead of increasing them. This is due to the fact that the torsion 
effects are certainly weaker than the curvature effects of GR. 
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